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Road MapRoad Map

• Description and Need
• Applications
• Basis
• Field Example
• Experimental Program



U.S. Shaded ReliefU.S. Shaded Relief



Nebraska Shaded ReliefNebraska Shaded Relief



Nebraska RiversNebraska Rivers







Single Broken-back 
Culvert



Double Broken-back 
Culvert



Broken-Back Culverts
( When To Use )



Broken-Back Culverts

• Used as grade control structures where there 
is significant difference between inlet and 
outlet elevations

• Used, in some instances, to minimize 
excavation quantities 

• Used as back-slope drains and as “let-down” 
structures

• Used as energy dissipators to help reduce 
outlet velocities



Headwater DepthHeadwater Depth
Inlet Section ProfileInlet Section Profile

Steep Section ProfileSteep Section Profile

Velocity, Depth at Lower BreakVelocity, Depth at Lower Break

Outlet Section ProfileOutlet Section Profile

Outlet Depth Velocity,Outlet Depth Velocity,

Hydraulic JumpHydraulic Jump

BrokenBroken--back Culvertback Culvert
HydraulicsHydraulics



BCAP Usage and BCAP Usage and 
DistributionDistribution

• At NDOR, BCAP is used by approximately 
100 people involved with highway design

• Before being posted on NDOR website, 
BCAP was distributed to 64 individuals in 22 
states

• After posting, BCAP has been downloaded 
>1000 times ( as of the writing of this paper)



Hydraulic Jump Hydraulic Jump 
ComplexitiesComplexities

• Air Entrainment
– changes specific weight of water
– transient in nature

• Shape of Jump; Volume
– momentum analysis completely contains 

jump
– does not require details within jump

• Definitions of Where Jump Ends!



Basis for PredictionBasis for Prediction

Inertia term Pressure term
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Momentum MatchingMomentum Matching

Jump occurs where Y2 equals TW depth!



Hydraulic Jump Will Hydraulic Jump Will 
Occur If…Occur If…

• The Jump is Completely Contained 
within the Culvert

• The Tailwater Depth Exceeds the 
Computed Conjugate Depth

• The Supercritical Froude Number is 
Less Than or Equal to 1.7



SimplificationsSimplifications

• Neglect Friction Loss within Jump
• Neglect Weight of Fluid
• Tailwater Represents Sequent Depth -

No Upstream-progressing Backwater 
Calculations



Hydraulic AlgorithmsHydraulic Algorithms
Parameter Reference Equation or notes

Headwater depth Normann et al. 1985 (2) Code from HY8 (9)

Critical depth Pipe:  Hager, 1999 (13)

Box:  French, 1985 (6)

Sqrt(Q / Sqr(grav*D))

((Q/B)^2/grav)^0.33

Sequent depth Pipe:  Straub, 1978 (15)

Box:  French, 1985 (6)

(dc^1.8)/(D^0.73)

d1/2(Sqrt(1 + 8*Fr1^2) - 1)

Jump length Pipe:  Hager, 1992 (12)

Box:  Hager, 1992 (12)

6*d2

d1*220*tanh((Fr1 -1)/22)



Hydraulic Algorithms, Hydraulic Algorithms, 
continuedcontinued

Parameter Reference Equation or notes

Froude number Pipe:  Hager, 1999 (13)

Box:  French, 1985 (6)

Q/Sqrt(grav*D*d^4)

Q/A/Sqrt(grav*d)

Tailwater depth and velocity Manning equation (6) Code from HY8 (9)

Occurrence of hydraulic jump Shafer and Hotchkiss, 1998

(1)

Momentum equation

Outlet depth and velocity Normann et al. 1985 (2) Continuity equation

Water surface profile French, 1985 (6) Energy equation



BrokenBroken--back Culvert back Culvert 
Analysis ProgramAnalysis Program

• Visual Basic Code
• Available From

– Nebraska Department of Roads
• http://www.dor.state.ne.us/roadway-design

– FHWA Hydraulics Engineering Software
• http://www.fhwa.dot.gov/bridge/hydsoft.htm
• provides a link to the NDOR



Input Data ScreenInput Data Screen



Design Discharge Design Discharge 
OutputOutput



Performance TablePerformance Table



Computed Water Computed Water 
Surface ProfileSurface Profile



Outlet Velocity Rating Outlet Velocity Rating 
CurveCurve



Experimental ProgramExperimental Program

• Acrylic pipe and box
• Single broken-back
• Square edge with headwall entrance
• Adjust discharge and tailwater elevation



Experimental SetupExperimental Setup

• I need a photograph here



Overall ViewOverall View



Conditions at InletConditions at Inlet



Jump in a Box CulvertJump in a Box Culvert



Jump in a PipeJump in a Pipe



Headwater Rating Headwater Rating 
CurvesCurves
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Beginning of JumpBeginning of Jump
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Location of JumpLocation of Jump
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ConclusionsConclusions
• BCAP research and computer program have 

solved the mystery of broken-back culvert 
hydraulics

• BCAP has helped to change policy regarding 
pipe materials

• Future enhancements to BCAP are being 
considered

• BCAP research has further advanced the 
State-of-the-Art for culvert hydraulics 
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